Radiative transfer equilibrium models of nearby interstellar matter (ISM) are required to determine the boundary conditions of the heliosphere from astronomical observations of nearby stars. These models are also constrained by data on the ISM inside of the solar system, including pickup ion, anomalous cosmic rays, and in situ He o data. The two best ISM models give semi-empirical filtration factors for H (0.41 -0.52), 25) is indicated. The weakly polarized starlight of nearby stars suggests that the local galactic magnetic field is parallel to the galactic plane, and the strongest polarization is towards the upstream direction of the ISM flow, and also (coincidently) near the ecliptic plane. Observations of nearby ISM, the radiative transfer models, and historical 10 Be records provide information on past variations in the galactic environment of the Sun.
Introduction
The boundary conditions of the heliosphere are dominated by the ionization, density, temperature, and magnetic field of the surrounding interstellar cloud. The first use of anomalous cosmic ray (ACR) data to study interstellar ionization compared ACRs and the Mg o /Mg + ratio towards Sirius, relying on sightline-averaged ionization rates (Frisch 1994) . Full radiative transfer equilibrium models of interstellar gas within ∼3 pc are now available, predicting ISM properties at both the heliosphere boundary and averaged over sightlines towards nearby stars (Slavin & Frisch 2002 , SF02, Frisch & Slavin 2003 . Such models provide a tool for evaluating the boundary conditions of the heliosphere when constrained with interstellar matter (ISM) data inside and outside of the heliosphere. However, the loss of interstellar neutrals to charge exchange with interstellar ions in the heliosheath regions ("filtration", Ripken & Fahr 1983 , Izmodenov et al. 1999 , Mueller & Zank 2002 , Cummings & Stone 2002 must be considered when interpreting the in situ data. In this paper, the radiative model predictions for the physical properties of the ISM at the solar location are used to determine semi-empirical filtration factors, extending the discussion presented in FS03. Models consistent with a possible interstellar origin for the 2 kHz emission observed by Voyager in the outer heliosphere (Kurth & Gurnett 2003) are also discussed, along with evidence for a nearby interstellar magnetic field and time-variability of the boundary conditions of the heliosphere. and He o densities at the SoL are sensitive to the radiation attenuation inside the cloud and to cloud geometry. The measurements which best distinguish the properties of the surrounding cloud are those which sample partially ionized elements with first ionization potentials in the range 13-25 eV (e.g. H, He, O, N, Ne, and Ar), which also constitute the parent population of pickup ions and anomalous cosmic rays.
Radiative transfer (RT) models of ISM near the Sun (<3 pc) are required to predict the ionization of the ISM at the SoL. RT models have been constructed using measurements of the interstellar radiation field in the interval 300-3000Å, a modeled conductive interface between nearby ISM and the hot plasma (∼10 6 K) interior of the Local Hot Bubble, and the cloud composition determined from observations of ISM both inside and outside of the solar system (see SF02 and FS03). Free parameters in these models include the H o column density towards the cloud surface (N (H o ), which is not directly measured for the sightline used to constrain the models, ǫ CMa), the soft X-ray emission from the Local Bubble hot plasma (characterized by plasma temperature TH), the interstellar magnetic field strength (B, which regulates conduction at the cloud boundary and the extreme ultraviolet radiation field, Slavin 1989), and cloud density (nH=n(H o )+n(H + )). Sightline-averaged values of the relative ionizations of H and He in the ISM are found from observations of the He o ionization edge (504 A) towards nearby white dwarf stars (40-100 pc), which are strong sources of radiation in this extreme ultraviolet (EUV) wavelength interval (e.g. Kimble et al. 1993 , Vallerga 1996 . These data generally sample sightlines with several blended clouds, and show a wide variation in ionization (N (H o )/N (He o )∼10-15). The equilibrium models fitting the high He ionization seen in the EUV data require an excess of radiation in the 500Å region, when compared to the soft X-ray data, and the variation of H o /He o with cloud depth requires radiative transfer models (e.g. Cheng & Bruhweiler 1990 , Kimble et al. 1993 , Vallerga 1996 .
The initial set of 25 models was pared to seven "best" models (Frisch and Slavin 2003, FS03) by introducing recent astronomical data indicating gas-phase interstellar abundances of O/H∼400 ppm in long (>700 pc) interstellar sightlines through predominantly diffuse clouds (Andre et al. 2002) Filtration factors can be determined semi-empirically from comparisons between ionization predictions for the SoL (Table 7 in SF02) and in situ data on the byproducts of ISM interactions with the solar system. Neutral densities at the termination shock are determined from pickup ion (GG03), anomalous cosmic ray (CS02), and direct He measurements (Witte et al. 2003) . These data give nTS(He o )=0.0145±0.0015 cm Ripken & Fahr 1983 , Izmodenov et al. 1999 , Gloeckler & Geiss 2003 .
Empirical filtration factors for Ar, O, and N are also shown in Fig. 1 , and in all cases Models 2 and 8 results are consistent with the predicted range of values (when uncertainties are included). Model 18 is not consistent with theoretical calculations suggesting FHe ∼ 1, but is consistent with Ar, O, and N predicted filtrations. Models 2 and 8 provide the best fit to the combined interstellar (Mg and C, FS03) and heliospheric data, and predict similar boundary conditions for the heliosphere (n(H o )∼0.21 cm −3 , n(e − )∼0.10 cm −3 , see Table 1 ). The radiative transfer models are not well constrained using heliospheric data alone. (Sofia & Jenkins, 1998) , and the abundance Ar/H=3.16e-6 is adopted here.
As a consistency check, the ratio of the PUI n(O)/n(N) 
2 kHz Radio Emission
Gurnett et al. (1998, 2003) have detected a relatively isotropic radio-emission signal at 2 kHz in the outer heliosphere with the plasma wave instruments on board the two Voyager spacecraft; a possible explanation for the isotropy is emission at the plasma frequency of the surrounding interstellar gas providing this emission can enter the heliosphere (e.g. Izmodenov et al. 1999 
Interstellar Magnetic Field
The interstellar magnetic field (BIS) immediately outside of the heliosphere has not been directly measured. However, observations of weakly polarized light from nearby (<50 pc) stars show a patch of interstellar dust centered on galactic coordinates l=350 Frisch 1990 ). Fig. 2 shows the location of the stars (in galactic coordinates), and the polarization vectors, in the region where the weak polarization is most evident, with the plane of the ecliptic superimposed. Also plotted are the radio emission sources detected by the Voyager spacecraft which are consistent with an origin near the heliosphere nose and follow roughly the galactic plane (Kurth & Gurnett 2003) . The weak polarization is most evident near the plane of the ecliptic and coincides with the upstream direction of the cluster of interstellar clouds flowing past the Sun (which is shown in Fig.  2 Once the production mechanisms for the grain alignment and for the radio emission sources are understood, it may produce a deeper understanding of the asymmetries in the heliosphere nose region due to the ∼60 o tilt between the ecliptic plane and interstellar magnetic field.
Variability in the Boundary Conditions of the Heliosphere.
Simple geometrical assumptions indicate the Sun left the Local Bubble interior and entered the surrounding interstellar cloud within the past several thousand years (Frisch 1994 ). More precise estimates of the variability of the boundary conditions of the heliosphere result from combining densities from the best RT models with observations of nearby stars.
Models 2 and 8 give a local ISM density of n(H o )∼0.21 cm −3 , which when combined with the column density to the cloud surface (N (H o )=6.5 10 17 cm −2 ) give a distance to the cloud surface of ∼0.97 pc. This distance is traversed in ∼37,000 years by a cloud at the LIC velocity. Since the local ISM towards ǫ CMa and α CMa (Sirius) consists of two cloudlets (Gry & Jenkins 2001 , Lallement et al. 1994 , and the second blue-shifted cloud has a higher velocity relative to the Sun than the LIC, the time at which the Sun encountered the LIC must be shorter than 37,000 years. Frisch (1997) attributed spikes in the 10 Be ice core record 33 kyr and 60 kyr ago to encounters with ∼0.1 pc wide magnetic structures, comoving in the local ISM, which confine low energy galactic cosmic rays. These structures would now be ∼0.87 pc, and ∼1.6 pc distant from the Sun in the downstream direction (e.g. towards ǫ CMa, α CMa). The most recent 10 Be spike may be consistent with the solar entry into the local ISM; alternatively it may correlate with the Sun's entry into the LIC while the earlier event may signal entry into the blue-shifted cloud seen towards CMa. Prior to that, the Sun was immersed in the hot (10 4 K) plasma interior to the Local Bubble where an extended heliosphere (heliopause radius 300 au in the nose direction) is predicted (Frisch et al. 2003) . (Civilization developed during the several millions of years the Sun was immersed in the Local Bubble interior.)
Looking to the future, at least three interstellar clouds are found within 5 pc of the Sun in the upstream direction, the Local Interstellar Cloud (LIC) where the Sun is now located, the "G-cloud", and the Apex Cloud (Frisch 2003) . The velocity vector of each cloud is consistent with the cloud being located in front of the nearest star α Cen, although the G-cloud is the best fit to observations (e.g. Lallement et al. 1995 , Linsky & Wood 1996 and the LIC would have to have a small velocity gradient (∼0.7 km/s) towards the star. If the G-cloud is the next cloud to be encountered by the Sun, the higher heliocentric velocity (29.1 km/s, factor of ∼1.1 ) and neutral density (>5 cm −3 , factor of >24) than for the LIC indicates a dramatic heliosphere shrinkage if the other properties (e.g. ionization) are similar to the LIC (Frisch 2003 , Zank & Frisch 1999 . If, in contrast, the Apex Cloud is the next cloud encountered, the larger heliocentric velocity (35.1 km s −1 ) also indicates a smaller heliosphere, although the other properties of this cloud are unknown. Variations of the boundary conditions of the heliosphere are thus expected on timescales of less than 37,000-45,000 years if either the G-cloud or Apex Cloud is foreground to α Cen.
Discussion
The primary results of this paper are estimates of filtration factors for H, He, N, O, Ne, and Ar, based on radiative transfer models of the local ISM from SF02, and FS03. Two radiative transfer equilibrium models of ISM within ∼3 pc of the Sun (models 2 and 8) yield predictions which match observations of ISM inside (He, PUIs, ACRs) and outside (gas within ∼3 pc towards ǫ CMa) of the solar system, for an assumed interstellar gas-phase O abundance of O/H=400 ppm (FS03). These models yield semi-empirical predictions for He, H, O, N, Ar filtration factors which are consistent with theoretical predictions, within uncertainties, and predict interstellar densities n(H o )∼0.20 cm −3 , n(e − )=0.10 cm −3 at the solar location. However, there are unexplained differences between the predictions of Models 2 and 8 and observed pickup ion Ne densities and the cloud temperature.
If the astronomical constraints on the radiative transfer models are relaxed, alternate models become plausible. For example, if the 2 kHz radio emission observed by Voyager 1, 2 is from the surrounding ISM, the low electron density of Model 25 (n(e − )∼0.06 cm −3 ) is a better match although predicted interstellar abundances are unrealistic. For Model 25 to be correct the radiation field intensity versus cloud geometry requires further study. The simple interstellar cloud geometry assumed for the underlying radiative transfer models may also prove inadequate. If the astronomical constraints prove incorrect (e.g. the assumed interstellar gas-phase oxygen abundance), then the selection of the best models to describe the boundary conditions of the heliosphere may also change.
As better data on the ISM inside and outside of the heliosphere become available, yielding more accurate boundary conditions for the heliosphere, heliosphere modeling will predict more reliable filtration factors for comparison with semi-empirical filtration factors utilizing interstellar modeling.
The strength of the interstellar magnetic field outside of the heliosphere remains uncertain, but both low frequency radio emission events and the polarization of the light of nearby stars suggest the field orientation is parallel to the galactic plane and not the ecliptic plane, introducing a north/south heliosphere asymmetry.
The second important conclusion of this paper is that the boundary conditions of the heliosphere change with time, and on timescales of <10 4 years, indicating past and future variations in heliosphere dimensions and properties. 
